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1
COMPACT HIGH FREQUENCY DIVIDER

TECHNICAL FIELD

The present disclosure generally relates to electronic cir-
cuits. The present disclosure more specifically relates to fre-
quency divider circuits.

BACKGROUND

Frequency dividers are an integral part of communications
integrated circuits (ICs), particularly for broadband applica-
tions. As technology advances, ICs are manufactured with
smaller transistors, and lower supply voltages are provided to
the ICs. However, the lower supply voltages may cause prob-
lems for many conventional frequency divider circuits.

One common and conventional frequency divider is
referred to as a current mode logic (CML) divider circuit.
CML dividers include resistors that generate a voltage drop.
Increasing the gain and decreasing the swing time of a CML
divider is achieved at the expense of increased voltage drop
across the resistors, which restricts the lowest operational
supply voltage for a CML divider.

One alternative is a divider circuit having flip-flops that are
biased to create operation points based on the input frequency
of'the signal being divided, such as disclosed in U.S. Pat. No.
7,683,682 to Won. Won discloses a body bias generator, for
NMOS and PMOS transistors in the divider circuit, that gen-
erates a bias voltage based on a difference between a fre-
quency of an input signal for dividing and a frequency of an
internal reference signal. The input signal is coupled to a gate
terminal of transistors in the flip-flops. The bias voltage is
then applied to the body input of the PMOS and NMOS
transistors to decrease power consumption by the transistors
when the input signal has a low frequency and increase opera-
tion speed of the transistors when the input signal has a high
frequency. The divider circuit of Won allows scaling of power
consumption by the transistors when demand on the transis-
tors is lower, however the body biasing of Won does not allow
a reduction in operational supply voltage for the divider.

Another alternative for low supply voltage divider circuits
includes dividers referred to as injection lock dividers. How-
ever, injection lock dividers occupy large die areas and are
bandwidth-limited in operation. Thus, they are generally not
suitable for broadband applications.

BRIEF SUMMARY

According to one embodiment, an apparatus that includes
at least two NMOS transistors and at least two PMOS tran-
sistors, each of the PMOS transistors coupled to one of the
NMOS transistors. The apparatus further includes a cross-
coupled pair of transistors where either the NMOS transistors
orthe PMOS transistors are the cross-coupled pair. The appa-
ratus also includes an input node for receiving an input signal,
where the input node is coupled to a body of the non cross-
coupled pair of transistors.

According to a further embodiment, an apparatus that
includes means for dividing an input signal from a first fre-
quency to a second frequency, means for receiving an input
signal coupled to a body input of the dividing means, and
means for coupling the input signal to the dividing means.

According to yet another embodiment, a method that
includes receiving an input signal with a first frequency at a
body input of a first pair of transistors, dividing the input
signal to a second frequency with a second pair of transistors
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2

by holding an output of the first pair of transistors for two
cycles of the input signal, and generating an output signal at
the second frequency.

This has outlined, rather broadly, the features and technical
advantages of the present disclosure in order that the detailed
description that follows may be better understood. Additional
features and advantages of the disclosure will be described
below. It should be appreciated by those skilled in the art that
this disclosure may be readily utilized as a basis for modify-
ing or designing other structures for carrying out the same
purposes of the present disclosure. It should also be realized
by those skilled in the art that such equivalent constructions
do not depart from the teachings of the disclosure as set forth
in the appended claims. The novel features, which are
believed to be characteristic of the disclosure, both as to its
organization and method of operation, together with further
objects and advantages, will be better understood from the
following description when considered in connection with
the accompanying figures. It is to be expressly understood,
however, that each of the figures is provided for the purpose of
illustration and description only and is not intended as a
definition of the limits of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclo-
sure, reference is now made to the following description taken
in conjunction with the accompanying drawings.

FIG. 1 is a circuit schematic of a frequency divider circuit
having an input signal coupled to a body terminal of NMOS
transistors according to one embodiment of the disclosure.

FIG. 2 is a circuit schematic of a frequency divider circuit
having an input signal coupled to a body terminal of PMOS
transistors according to one embodiment of the disclosure.

FIG. 3 is a flow chart illustrating an exemplary method of
dividing an input signal according to one embodiment of the
disclosure.

FIG. 41is ablock diagram illustrating capacitive coupling of
an input signal with a frequency divider circuit according to
one embodiment of the disclosure.

FIG. 5A is a block diagram illustrating inductive coupling
of an input signal with a frequency divider circuit according
to one embodiment of the disclosure.

FIG. 5B is a block diagram illustrating inductive coupling
of an input signal with a frequency divider circuit according
to another embodiment of the disclosure.

FIG. 6 is a circuit schematic of a frequency divider circuit
having an input signal coupled to a body terminal of PMOS
transistors and a body terminal of NMOS transistors accord-
ing to one embodiment of the disclosure.

FIG. 7 is a circuit schematic of a frequency divider circuit
with a voltage controlled oscillator (VCO) according to one
embodiment of the disclosure.

FIG. 8 is a block diagram showing an exemplary wireless
communication system in which an embodiment of the dis-
closure may be advantageously employed.

DETAILED DESCRIPTION

The detailed description set forth below, in connection with
the appended drawings, is intended as a description of various
configurations and is not intended to represent the only con-
figurations in which the concepts described herein may be
practiced. The detailed description includes specific details
for the purpose of providing a thorough understanding of the
various concepts. However, it will be apparent to those skilled
in the art that these concepts may be practiced without these
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specific details. In some instances, well-known structures and
components are shown in block diagram form in order to
avoid obscuring such concepts.

The word “exemplary” is used herein to mean “serving as
an example, instance, or illustration.” Any embodiment or
aspect described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other embodi-
ments or aspects. In addition, references to “an,” “one,”
“other,” or “various” embodiments or aspects should not be
construed as limiting since various aspects of the disclosed
embodiments may be used interchangeably within other
embodiments.

Frequency divider circuits having input signals provided to
a body terminal (alternatively referred to as a back gate, a
substrate terminal, a base terminal, or a bulk terminal) of the
transistors, rather than the gate terminal, have several advan-
tages to conventional frequency divider circuits. For example,
coupling inputs to the body of the transistors reduces the
stacking of transistors to as little as two stages in the fre-
quency divider circuit. Further, coupling inputs to the body of
the transistors decreases variation between circuits resulting
from process variation. Additionally, coupling inputs to the
body of the transistors reduces power consumption. Accord-
ing to one embodiment, a frequency divider circuit having
input signals provided to the body of the transistors may be
operated to divide frequency signals in half at input frequen-
cies of up to and exceeding 20 GHz and at supply voltages as
low as, and possibly lower than 0.5 volts.

FIG. 1 is a circuit schematic of a frequency divider circuit
100 having an input node 102p coupled to NMOS transistors
114a-b according to one embodiment of the disclosure. A
divider circuit 100 may include input nodes 102p and 102z.
The input nodes 102p and 1027 may be components of a
differential signal. In a differential configuration, the divider
circuit 100 may include latches 110 and 120 coupled to the
input nodes 102p and 102z, respectively. The latch 110 may
include a first stage of transistors 112 and a second stage of
transistors 114. The first stage 112 and the second stage 114
may include transistors 112a-b and 114a-b, respectively The
latch 120 may have the same configuration as the latch 110,
however the latch 120 may receive input from the second
input node 1027. According to one embodiment, there may be
a single latch with a single input node for a non-differential
configuration.

The transistors 112a-b may be a pair of cross-coupled
PMOS transistors. The cross-coupling may be achieved by
coupling a gate terminal of the transistor 1124 to a source/
drain terminal of the transistor 1124 and the transistor 114b.
Likewise, a gate terminal of the transistor 1126 may be
coupled to a source/drain terminal of the transistor 112a¢ and
the transistor 114a. The input node 102p may be coupled to a
body of the NMOS transistor 114a-b. According to one
embodiment, the NMOS transistors 114a-b may be con-
structed in an isolation well with, for example, p-well isola-
tion technology such as a deep n-well. An output from the
divider circuit 100 may be obtained at output nodes 152a-b
and 152¢-d. The output nodes 152a-b may provide in-phase
output, and the output nodes 152¢-d may provide quadrature
phase output.

FIG. 2 is a circuit schematic of a frequency divider circuit
200 having an input node 2027 coupled to PMOS transistors
212a-b according to one embodiment of the disclosure. A
circuit 200 may include a first latch 210 and a second latch
220. Each of the latches 210, 220 may perform frequency
division on one of the differential signals received through the
input nodes 202z and 202p. The first latch 210 includes a first
stage of transistors 212 and a second stage of transistors 214.

20

25

30

40

45

4

The first stage 212 may include NMOS transistors 212a-b, of
which the input node 2027 may be coupled to the body
thereof. The second stage 214 may include cross-coupled
transistors 214a-b. The NMOS transistors 214a-b may be
cross-coupled such that a gate terminal of the transistor 214a
may be coupled to a source/drain terminal of the NMOS
transistor 2145 and the PMOS ftransistor 21254, and a gate
terminal of the NMOS transistor 2145 may be coupled to a
source/drain terminal of the NMOS transistor 214a and the
PMOS transistor 212a.

The frequency divider circuits of FIG. 1 and FIG. 2 may be
operated at low supply voltages. For example, the frequency
divider circuits 100 and 200 may be operated between 0.5
Volts and 1.1 Volts. However, the circuits 100 and 200 may
also be operated at higher or lower supply voltages. Accord-
ing to one embodiment, the transistors of the divider circuits
100 and 200 may be manufactured with 28 nm fabrication
technology.

FIG. 3 is a flow chart illustrating an exemplary method 300
of dividing an input signal according to one embodiment of
the disclosure. A method 300 for dividing an input signal
begins at block 302 with receiving an input signal having a
first frequency at a body input of a pair of transistors. For
example, an input signal may be applied to the input node 102
of FIG. 1, which is coupled to a body terminal of the transistor
114a and the transistor 1145. Applying the input signal to the
body terminal of the transistors 114a-b allows the division
process to be accomplished in the voltage domain, without
first performing current commuting

At block 304, the input signal is divided from a first fre-
quency to an in-phase output signal at a second frequency at
the pair of transistors. The pair of transistors 114a-b divide
the signal creating an in-phase output signal at the output
nodes 152a and 1526 of FIG. 1.

At block 306, the in-phase output signal is held at a signal
level with a second pair of transistors. The transistors 112a
and 1125 of FIG. 1 coupled to the output nodes 152a and 1525
hold the output of the in-phase output nodes 152a and 1525
for two clock cycles of the input signal. Thus, the output
signal at the in-phase output nodes 152a and 1525 have a
frequency approximately half that of the input signal received
at the input nodes 102p and 1027.

At block 308, a quadrature phase output is provided from
the first pair of transistors. The transistors 114a and 11456 of
FIG. 1 also may also provide a quadrature phase output at the
output nodes 152¢ and 1524.

The input signals to the frequency divider circuit may be
coupled to the transistors of the frequency divider circuit
through a capacitive coupling circuit. FIG. 4 is a block dia-
gram illustrating capacitive coupling of input nodes 406a-b
with a frequency divider circuit 410 according to one embodi-
ment of the disclosure. A capacitive coupling circuit 400 may
include a frequency divider 410, such as the divider circuit of
FIG. 1 or FIG. 2 described above. The capacitive coupling
circuit 400 may include capacitors 402a-b and resistors
404a-b. Inthe case of a differential input signal coupled to the
frequency divider 410, the capacitive coupling circuit 400
may include an input node 4064 coupled to the capacitor 402a
and the resistor 404a, and an input node 4065 coupled to the
capacitor 4025 and the resistor 4045.

The input signals to the frequency divider may also be
coupled to the transistors of the frequency divider through an
inductive coupling circuit 500. FIG. 5A is a block diagram
illustrating inductive coupling of an input signal with a fre-
quency divider circuit according to one embodiment of the
disclosure. An inductive coupling circuit 500 may include a
frequency divider 510, such as the divider circuit of FIG. 1 or
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FIG. 2 described above. The inductive coupling circuit 500
may include a transformer 512. The transformer 512 may
receive a differential input through inputs nodes 502 and 504
and output a differential signal 506 and 508 to the frequency
divider 510. The inductive coupling circuit 500 may reduce
variance in the final product due to manufacturing processes.
Additionally, the decreased resistance of the inductive cou-
pling circuit 500 may reduce noise generated in the signal
before the signal reaches the frequency divider. According to
another embodiment, the inductive coupling may be mag-
netic coupling.

According to one embodiment, input signals may be
coupled to both PMOS and NMOS transistors in a divider
circuit as shown in FIG. 5. An alternate inductive coupling
circuit 550 may be provided to allow different biasing for the
PMOS and NMOS transistors of the divider circuit. FIG. 5B
is a block diagram illustrating inductive coupling of input
nodes 562-564 with a frequency divider circuit 560 according
to another embodiment of the disclosure. A coupling circuit
550 may include a multi-tap transformer 552 coupled to a
frequency divider circuit 560. The transformer 552 may be
coupled to PMOS transistors and NMOS transistors of the
frequency divider circuit 560 and provide different outputs to
the PMOS and NMOS transistors through taps to the trans-
former 552. The transformer 552 may receive a differential
signal through input nodes 562-564 for coupling to the
divider circuit 560.

Input signals may be coupled to the body of transistors in
the first stage and the second stage. FIG. 6 is a circuit sche-
matic of a frequency divider circuit 600 having input nodes
602p and 604p coupled to PMOS transistors 612a-b and
NMOS transistors 614a-b according to one embodiment of
the disclosure. A circuit 600 includes a first latch 610 and a
second latch 620. The first latch 610 may include a first stage
612 and a second stage 614. The first stage 612 may include
transistors 612a-b, which may be PMOS transistors. The
second stage 614 may include transistors 614a-b, which may
be NMOS transistors. Input node 602p may be coupled to a
body of the PMOS transistors 612a-b. The input node 604p
may also be coupled to a body of the NMOS transistors
614a-b. The latch 620 may be a duplicate of the latch 610, but
is coupled to an input node 604# and 6027. The input nodes
6027 and 6047 may receive components of a differential input
signal.

The transistors 612a-b may be cross-coupled. For
example, a gate terminal of the transistor 612¢ may be
coupled to a source/drain terminal of the transistor 61256 and
the transistor 6145, and a gate terminal of the transistor 6126
may be coupled to a source/drain terminal of the transistor
612a and the transistor 614a. A supply voltage 630 may be
provided at a source/drain terminal of the transistors 612a-b.
A frequency divided output may be provided from the circuit
600 at output nodes 632a-d. The output nodes 632a-b provide
in-phase output, and the outputs 632¢-d provide quadrature
output.

A frequency divider such as those described above in
FIGS. 1,2, and 6 may be combined with a portion of a voltage
controlled oscillator (VCO) with a configuration according to
FIG. 5 through coupling circuits illustrated in FIGS. 5A and
5B. FIG. 7 is a circuit schematic of a frequency divider circuit
coupled to a portion of a VCO circuit according to one
embodiment of the disclosure. A circuit 700 includes a first
latch 710 and a second latch 720. The circuit 700 may be
configured similar to the circuit 100 of FIG. 1. However, any
frequency divider circuit, including those illustrated in FIGS.
2 and 6, may be combined with at least a portion of a VCO
circuit as shown in FIG. 7.

10

15

20

25

30

35

40

45

50

55

60

65

6

Input signals at input nodes 734a-b may be produced from
an inductive coupling circuit 730. The inductive coupling
circuit 730 may include a transformer 732. The input signals
at the input nodes 734a-b to the latches 710 and 720, respec-
tively, may be produced from the inductive coupling circuit
730. According to one embodiment, the output nodes 734a-b
may be coupled to the body of transistors of the latches 710
and 720, respectively. The inductive coupling circuit 730 may
be coupled to a portion of a VCO circuit 740. The VCO circuit
portion 740 may include cross-coupled transistors 742a-b.

The circuit 700 performs frequency division on the output
of'the VCO circuit portion 740. Although inductive coupling
between the VCO circuit portion 740 and the latches 710, 720
is shown in FIG. 7, capacitive coupling may alternatively
couple the VCO circuit portion 740 to the latches 710, 720,
such as through a capacitive coupling circuit shown in FIG. 4.

FIG. 8 is a block diagram showing an exemplary wireless
communication system 800 in which an embodiment of the
disclosure may be advantageously employed. For purposes of
illustration, FIG. 8 shows three remote units 820, 830, and
850 and two base stations 840. It will be recognized that
wireless communication systems may have many more
remote units and base stations. Remote units 820, 830, and
850 include IC devices 825A, 825C and 825B that include a
frequency divider circuit such as a divider circuit 802 or other
circuitry as illustrated in FIGS. 1-7. It will be recognized that
any device containing an IC may also include the frequency
divider circuit disclosed here, including the base stations,
switching devices, and network equipment. FIG. 8 shows
forward link signals 880 from the base station 840 to the
remote units 820, 830, and 850 and reverse link signals 890
from the remote units 820, 830, and 850 to base stations 840.

In FIG. 8, remote unit 820 is shown as a mobile telephone,
remote unit 830 is shown as a portable computer, and remote
unit 850 is shown as a fixed location remote unit in a wireless
local loop system. For example, the remote units may be
mobile phones, hand-held personal communication systems
(PCS) units, portable data units such as personal data assis-
tants, GPS enabled devices, navigation devices, set top boxes,
music players, video players, entertainment units, fixed loca-
tion data units such as meter reading equipment, or any other
device that stores or retrieves data or computer instructions,
or any combination thereof. Although FIG. 8 illustrates
remote units according to the teachings of the disclosure, the
disclosure is not limited to these exemplary illustrated units.
Embodiments of the disclosure may be suitably employed in
any device which includes a memory device.

Although specific circuitry has been set forth, it will be
appreciated by those skilled in the art that not all of the
disclosed circuitry is required to practice the disclosure.
Moreover, certain well known circuits have not been
described, to maintain focus on the disclosure. Similarly,
although the description refers to logical “0” and logical “1”
in certain locations, one skilled in the art appreciates that the
logical values can be switched, with the remainder of the
circuit adjusted accordingly, without affecting operation of
the present invention.

Although the present disclosure and its advantages have
been described in detail, it should be understood that various
changes, substitutions and alterations can be made herein
without departing from the technology of the disclosure as
defined by the appended claims. For example, relational
terms, such as “above” and “below” are used with respect to
a substrate or electronic device. Of course, if the substrate or
electronic device is inverted, above becomes below, and vice
versa. Additionally, if oriented sideways, above and below
may refer to sides of a substrate or electronic device. More-
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over, the scope of the present application is not intended to be
limited to the particular embodiments of the process,
machine, manufacture, composition of matter, means, meth-
ods and steps described in the specification. As one of ordi-
nary skill inthe art will readily appreciate from the disclosure,
processes, machines, manufacture, compositions of matter,
means, methods, or steps, presently existing or later to be
developed that perform substantially the same function or
achieve substantially the same result as the corresponding
embodiments described herein may be utilized according to
the present disclosure. Accordingly, the appended claims are
intended to include within their scope such processes,
machines, manufacture, compositions of matter, means,
methods, or steps.

What is claimed is:

1. An apparatus for dividing an input signal from one
frequency to another frequency, the apparatus comprising:

afirst latch and a second latch, each of the first latch and the

second latch comprising a cross-coupled pair of transis-
tors and a non-cross-coupled pair of transistors; and

a first input node and a second input node for receiving the

input signal,

wherein the first input node is coupled to body terminals

but not source terminals of the non-cross-coupled pair of
transistors in the first latch, and the second input node is
coupled to body terminals but not source terminals of the
non-cross-coupled pair of transistors in the second latch.

2. The apparatus of claim 1, further comprising

a third input node and a fourth input node,

wherein the third input node is coupled to body terminals of

the cross-coupled pair of transistors in the first latch, and
the fourth input node is coupled to body terminals of the
cross-coupled pair of transistors in the second latch.

3. The apparatus of claim 2, further comprising

an inductive coupling circuit coupled to the input signal,

wherein the inductive coupling circuit comprises at least a

first output tap and a second output tap.

4. The apparatus of claim 3, wherein the first output tap is
coupled to the first and second input nodes and the second
output tap is coupled to the third and fourth input nodes.

5. The apparatus of claim 1, further comprising

a first output node and a second output node each coupled

to drain terminals of the cross-coupled pair of transistors
and the non-cross-coupled pair of transistors in the first
latch; and

a third output node and a fourth output node each coupled

to drain terminals of the cross-coupled pair of transistors
and the non-cross-coupled pair of transistors in the sec-
ond latch.

6. The apparatus of claim 5, wherein the first, second, third,
and fourth output nodes receive an in-phase output signal
which is in phase with the input signal, but at approximately
half of the frequency of the input signal.

7. The apparatus of claim 5, further comprising

a fifth output node and a sixth output node each coupled to

gate terminals of the non-cross-coupled pair of transis-
tors in the first latch; and

a seventh output node and an eighth output node each

coupled to gate terminals of the non-cross-coupled pair
of transistors in the second latch.

8. The apparatus of claim 7, wherein the fifth, sixth, sev-
enth, and eighth output nodes receive a quadrature-phase
output signal which is in a quadrature phase with the input
signal, but at approximately half of the frequency of the input
signal.
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9. The apparatus of claim 1, wherein the first input node is
a positive terminal and the second input node is a negative
terminal.

10. The apparatus of claim 1, wherein the apparatus is
integrated into at least one of a mobile phone, a set top box, a
music player, a video player, an entertainment unit, a naviga-
tion device, a computer, a hand-held personal communication
systems (PCS) unit, a portable data unit, and a fixed location
data unit.

11. An apparatus for dividing an input signal, the apparatus
comprising:

means for receiving the input signal of a first frequency at
a first input node and a second input node;

means for dividing the input signal from the first frequency
to a second frequency using a divider circuit comprising:

a first latch and a second latch, each of the first latch and the
second latch comprising a cross-coupled pair of transis-
tors and a non-cross-coupled pair of transistors,

wherein the first input node is coupled to body terminals
but not source terminals of the non-cross-coupled pair of
transistors in the first latch, and the second input node is
coupled to body terminals but not source terminals of the
non-cross-coupled pair of transistors in the second latch.

12. The apparatus of claim 11, further comprising

means for generating an in-phase output signal, which is in
phase with the input signal, at drain terminals of the
cross-coupled pair of transistors and the non-cross-
coupled pair of transistors in the first latch and the sec-
ond latch.

13. The apparatus of claim 11, further comprising

means for generating a quadrature output signal, which is
in quadrature phase with the input signal, at gate termi-
nals of the non-cross-coupled pair of transistors in the
first latch and the second latch.

14. The apparatus of claim 11, wherein means for receiving

the input signal comprises

means for inductively coupling the input signal to a first
output tap and a second output tap.

15. The apparatus of claim 14, further comprising

means for coupling the first output tap to the body terminals
of the non-cross-coupled pair of transistors in the first
latch and the second latch.

16. The apparatus of claim 14, further comprising

means for coupling the second output tap to the body
terminals of the cross-coupled pair of transistors in the
first latch and the second latch.

17. A method for dividing an input signal, the method

comprising:

receiving the input signal of a first frequency at a first input
node and a second input node;

dividing the input signal from the first frequency to a sec-
ond frequency using a divider circuit comprising:

a first latch and a second latch, each of the first latch and the
second latch comprising a cross-coupled pair of transis-
tors and a non-cross-coupled pair of transistors,

wherein the first input node is coupled to body terminals
but not source terminals of the non-cross-coupled pair of
transistors in the first latch, and the second input node is
coupled to body terminals but not source terminals of the
non-cross-coupled pair of transistors in the second latch.

18. The method of claim 17, further comprising

generating an in-phase output signal, which is in phase
with the input signal, at drain terminals of the cross-
coupled pair of transistors and the non-cross-coupled
pair of transistors in the first latch and the second latch.
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19. The method of claim 17, further comprising

generating a quadrature output signal, which is in quadra-
ture phase with the input signal, at gate terminals of the
non-cross-coupled pair of transistors in the first latch
and the second latch. 5

20. The method of claim 17, wherein receiving the input
signal comprises

inductively coupling the input signal at the first and second

input nodes to the body terminals of the non-cross-
coupled pair of transistors in the first latch and the sec- 10
ond latch.

21. The method of claim 17, wherein each of the cross-
coupled pair of transistors and the non-cross-coupled pair of
transistors comprising one of: (1) at least two NMOS transis-
tors, or (2) at least two PMOS transistors. 15
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